This study constitutes a feasibility assessment of dynamic conformal arc (DCA) therapy as an alternative to volumetric-modulated arc therapy (VMAT) for stereo- 
| INTRODUCTION
Stereotactic body radiation therapy (SBRT) is standard of care for inoperable non-small-cell lung cancer (NSCLC). 1 In the United
States, SBRT for NSCLC is delivered in 1-5 fractions and with up to 10 fractions internationally, both using biological effective doses in excess of 100 Gy. 2 Radiation dose delivery to moving targets, such as lung tumors, has been a fundamental challenge in radiation oncology. Traditional approaches to account for motion have entailed expansion of the gross or clinical target volume to include the entire range of motion; defined as the internal target volume (ITV). 3 Several other devices and strategies have been developed to manage and minimize the effects of respiratory motion, including compression and breath hold devices. 4 A recent advance is the development of robust radiotherapy plans, where the uncertainty in the target location is parameterized in the optimization. 5 Currently, the most common approach for lung SBRT is treatment to an ITV using volumetric-modulated arc therapy (VMAT), where dose is delivered during an arc with simultaneous dynamic motion of the multi-leaf collimator (MLC) leaves. 6 Current optimization methods do not constrain leaf motion to prevent occlusion of the target. This form of treatment delivery is susceptible to dosimetric errors from unexpected interplay between organ motion and MLC leaf motiona phenomenon termed the interplay effect. 7, 8 The interplay effect can create significant dosimetric deviations greater than 20%; however, the effect averages out over traditionally fractionated (>25) courses of intensity-modulated radiation therapy (IMRT). 9 Studies on lung SBRT have shown the necessity of using multiple arcs to obtain the averaging benefit for hypofractionated VMAT. 10, 11 Dynamic conformal arc (DCA) treatments generated by forward planning are known to be efficient and clinically effective for lung SBRT as they eliminate or reduce concerns of the interplay effect.
The contrast between DCA and VMAT is illustrated in Fig. 1 . Note that the VMAT plan in this figure has some MLC leaves occluding the target, whereas the leaves are conformed to the shape of the target for the DCA plan. Dosimetric accuracy has also been demonstrated to decrease with increased modulation complexity and increased leaf travel. 15 With the high degree of precision required for hypofractionated treatments, it is important to ensure radiotherapy plans are adequately but not overly complex. 16, 17 This study reviews the DCA planning method within the RaySta- • DCA: Target 
| METHODS
Treatment plans were generated for five anonymized patients (pa- occurs. The number of MUs of the arc was the scaled to achieve D95% to the prescription level, whereas the SWO-DCA and VMAT plans were generated by optimization with respect to objectives defined in accordance with patient-specific clinical goals, as summarized in Tables 2−3 .
Treatment plans were evaluated with respect to level of clinical goal fulfillment and dose-volume histograms (DVHs). Treatment plan complexity was assessed in term of the modulation complexity score (MCS), the score being introduced by McNiven, et al. 20 for staticfield IMRT and later adapted to VMAT by Masi, et al. 15 The MCS score depends on the leaf position variability between adjacent active leaves and the aperture area variability. The score is dimensionless and ranges from 0 to 1, with a value of 1 corresponding to the lowest possible complexity (a rectangular field). The set of active leaf pairs used for the MCS evaluation was defined as the leaf pairs with a tip gap inside the jaw opening that is greater than the minimum dynamic tip for at least one control point. Plan complexity was also assessed in terms of total leaf travel, averaged over the active leaf pairs, and total MU variability.
| RESULTS
The dose distributions of the treatment plans are illustrated with DVHs in Fig. 2 and 2D dose distributions for a transversal slice shown in Fig. 3 . The contours for regions of interest (ROIs) are here indicated in colors in accordance with Fig. 2 . The examined plan complexity metrics are summarized in Table 1 
| 105
For patient 1, all clinical goals were achieved with the three treatment techniques (Table 2) . For patient 2, clinical goals were achieved, with exception of the spinal cord with the standard DCA plan (Table 3) . Patient 3 had a more complex geometry, with a large centrally located target proximal the spinal cord. In this case, neither DCA nor SWO-DCA plans could be created to fulfill all clinical goals (Table 4 ). The standard DCA plan failed on sparing of the spinal cord and trachea, whereas the SWO-DCA plan failed the spinal cord. In addition to improved sparing of the trachea, SWO-DCA also led to improved sparing of the esophagus compared to standard DCA, as evident in Fig. 2(c) . The VMAT plan fulfilled all goals for patient 3 (Table 4) . Results for patient 4 were similar to those for patient 2: clinical goals were achieved except for goals on sparing of the spinal cord with the standard DCA plan (Table 5) . Patient 5 had a challenging geometry with the target located in direct vicinity of both the heart and esophagus. The standard DCA plan violated a total of three goals on sparing of these OARs, whereas the SWO-DCA plan violated a single goal on sparing of the heart. The VMAT plan fulfilled all goals for patient 5 (Table 6 ).
Figures 3 shows that standard DCA plans produce relatively symmetrical dose distributions. The SWO-DCA and VMAT plans, in contrast, yielded heavily weighted anterior and posterior dose delivery for all five cases. The VMAT plans generally exhibited a higher level of complexity than standard DCA and SWO-DCA plans according to evaluated complexity metrics. The exception to this general pattern was the MCS value for patient 2, which was lower for SWO-DCA than VMAT. The lower MCS value (higher complexity) of the SWO-DCA plan was due to a higher level of aperture area variability, which for this patient was caused by irregular target geometry. The VMAT plan is, arguably, the more complex plan having a 
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